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I INTRODUCTION.

A.

Contract Requirements

Contract NAS8-5481 covering the design, development and
fabrication of one Vehicle Renge Extraction Unit (VREU)

for use in a design study of the Automatic Renging and

Orbit Determination (AROD) system was signed between the
George C. Marshall Space Flight Center and Rysn Aeronautical
Company on 10 July 1963. This contract required that (a)
Ryan perform experimental design and development of the

VREU and (b) fabricate one VREU as a working model for use

in a design study of the AROD System. Final inspection

and acceptance to be accomplished at the George C. Marshall
Space Flight Center. Monthly progress reports were required
in narrative form, brief and informal in content. The reports
include (a) a quantitative description of overall progress,
(b) an indication of any current progress problems and (c)

a discussion of the work to be performed during the following
monthly reporting period. In addition, a final report is
required which summarizes the results of the entire contract
work including recommendations and conclusions based on the
experience and results obtained.

Contract Change

Farly in the program, Ryan submitted a proposal to modify the
original requirements for the VREU. This modification included
the addition of buffer storage devices between the active up-

down counters and telemetry equipment; a quantity of two VREU'S,
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each with two channels of range extraction units; and
twelve output emitter followers from each channel to
isolate binary informstion between the active up-dowm
counters and the command logic subessembly. The MSFC
Contracting Officer's Representative also requested the
addition of 20 monitoring points in the VREU. The points
to be monitored included the 16 range tone inputs from the
receiver, the reference signal input, and the power supply
voltages. Contractual go-shead to incorporate the modi-
fications as proposed wes received during September 1963.
The modifications were included in the detailed equipment
requirements as specified in AROD specifications Nos. 5 and

6. These specifications are reproduced in full in Appendix

l.
AROD System \3\3(5k2}/’(/“
The Vehicle Range Extraction Unit (see Figure 1) is a part A}Uf%;/

of the vehicle-borne portion of the AROD System. The AROD
System is béing developed to fulfill the need for an accurate,
flexible tracking system for space vehicles. The vehicle
borne equipment includes a continuous wave transmitter which
communicates with multiple, unattended ground transponder
stations to provide precision vehicle position and velocity.
Range and velocity measurements are made with respect to three
or more precisely located transponder stations. The velocity
of the vehicle relative to a ground transponder station is

determined by measuring the doppler frequency shift of the
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VEHICLE RANGE EXTRACTION UNIT

Figure 1
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SEANS
coherent carrier transmitted from the vehicle to the /5/
transponder and back. The range of the vehicle relative
to the transponder station is determined from the signal
propagation time delay and is measured by the VREU by phase
comparisons between the transmitted and received modulation
tones on the carrier, These measurements are time labeled
and either telemetered to earth or used directly to compute
the actual position and velocity of the vehicle in orbit. /0(27L/%O ~

Vehicle Range Extraction Unit

The Vehicle Range Extraction Unit includes four identical range
information channels and one phase reference generstor common

to the unit. Each channel receives four range tone inputs from

&8 corresponding channel of the AROD System receiver. Of the

four range tones, the high frequency tone provides fine range
rescolution while the two intermediate frequency tones and one

low frequency tone provide range ambiguity resolution. These

tones originate in the phase reference generator but are delayed

in time due to transmission to and from & given transponder station.
In addition to providing the four system reference tones, the phase
reference generator provides all the phase references needed in the
VREU. Each channel of range extraction equipment must determine
and present the time delay or range in binary digital form as
measured from the phase difference between the received range

tones and the reference tones with the stipulation that analogue
to digital encoders must not be used. The readouts are trans-

ferred in parallel binary form to storage registers which can
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interface with telemetry equipment or with a guidance

system. The transfer is triggered by a range data

transfer pulse generated elsewhere in the AROD System

to eneble time correlation of the range data with other

data being generated by the system. In addition, a

portion of each range number is directly available to the

Command Logic Unit of the AROD System. Updating of the

range numbers is inhibited during transfer to the telemetry

buffer storage and when being sampled by the Command Logic

Unit. ZFach channel provides a reliasbility signal to indicate

that the range number is formed correctly from the data

presented.

TECHNICAL APPROACH

A. General
The Vehicle Range Extraction Unit is operstional digital
in nature. It consists primarily of four identical
channels of digital phase tracking equipment and one
digital phase reference generator which is common to the
unit. A functional block diagram of the equipment is
shown in Figure 2.
The phase reference generator receives a reference tone
from the vehicle system's master oscillator. This tone
is processed by a squaring amplifier to provide triggers
to a chain of binary scalers. The scalers develop a

sixteen bit parallel binary word or number that contin-

uously cycles from its maximum value to its minimum value.
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Sections of this number are used as digital phase references
of various cycle periods for the digital phase tracking loops
in the range extraction chammels. The number is also tapped at
the appropriate locations to obtain the four reference tone signals
for use in the transmitter modulastor. Two additional tones are
developed in single sideband mixers for use in the range tracking
channels.
Each channel of range extraction equipment continuously tracks its
four range tone inputs with digital phase tracking loops which keep
the twenty-three bit binary range number updated in real t ime through
the application of an operational digital technique. This technique
is described in the paragraph on digital phase trackers. In essence,
a section of the range number is inside each tracking loop. The
phase reference signal to that loop is shifted in phase by a fraction
of a cycle proportional to the binary number in that section. This
phase shifted signal is compared with the respective range tone
input in a discriminator which commands the updating of the number
in that section until the phase error is below a set threshold. The
number in that section thus is a measure of the phase difference
between the reference signal and the range tone. The range number,
however, is not made up of independent sections with independent
tracking loops. Rather, each range tone tracking loop is overlapped
with that of the next higher frequency range tone through the ADDER
section so that after the initial range ambiguity resolution has been
performed, the entire range number is only updated by the fine range tone

tracking loop.
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The two lower frequency range tones of each channel are
directly processed by squaring amplifiers and sent to their
respective digital phase tracking loops. The two higher
frequency range tones are first mixed with other reference
tones from the phase reference generator to get a lower
frequency signal with the correct phase information before
going to their digital phase tracking loops.

Digital Phase Tracking Loops

The phase tracker is a servo device that compares the phase

of an incoming signel with the phase of a feedback signal and

then uses the difference or error to correct a phase output
signal snd the feedback signal until the error is zero or
below a set threshold level. The digital phase trackers
perform this function by shifting the phase of the feedback
signal in quantized steps controlled by a parallel binary
number stored in an active register. The active register
is updated by an error signal which will increase or
decrease the stored number until the error signal is below
a threshold. The zero error condition implies that the
feedback signal is in phase with the input signal and that
the updated number in the register is proportional to the
phase shift required fo cause this condition. The manner
in which digital phase shifting is accomplished is demon-
strated in Figure 3. In the demonstration, a three bit
binary number from a phase reference generator is continu-

ously cycling from its maximum value to its minimum value,
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numercially from a binary seven to zero. The most significant
bit of this number, electrically, is a square wave signal with

a frequency period equal to the cycle period of the number.

The fundamental sine wave component of this square wave is a
reference tone which will be transmitted to a transponder and
returned with a phase lag relative to the reference tone.

In Figure 3, a fixed binary number, stored in an active register,

is numerically added to the cycling phase reference number to

produce a new . number. The new number is also cycling in the
same manner and with the same period as the phase reference
number. However, the most significant bit of this new number

is a square wave shifted in phase relative to the most signi-
ficant bit of the phase reference number. The magnitude of the
phase shift is a binary fraction of the cycle period and equal
to the fixed binary number in the active register. In the
demonstration of Figure 3, the fixed number is first a binary
two giving the ADDER output a most significant bit shifted to
lag the phase reference by two parts of the eight bit period.
The fixed number then is changed to a binary three, and the '
ADDER output lags the phase reference by two parts of the eight
bit period. The fixed number then is changed to a binary three,
and the ADDER output lags the phase reference by three eighths
of a cycle. The most significant bit of the ADDER output is the
feedback signal for a digital phase tracking loop. The next most
significant bit of the ADDER output is also used in a discrimin-

ator for determining a lead or lag condition.
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Phase Discriminator

The phase tracking loop must have a phase comparator
which can detect the phase error magnitude between the
incoming signal and the feedback signal and also determine
whether the phase error is due to a leading or lagging
condition. These functions are performed by a digital
discriminator which comprises a logic exclusive OR gate,

a threshold gate, a lead gate and a lag gate. The input
signal to the phase tracking loop, which is one of the
range tones from the AROD system receiver, is first
processed by a squaring amplifier to make it a square
wave signal or binary element which at any given time is
either a ONE or a ZERO. This signal and the feedback
signal are compared in a logic exclusive OR gate which
gives a logic ONE output whenever the two inputs are
different, and a logic ZERO output otherwise. Thus, if
the two square waves are of different phase, the exclusive
OR gate will give a logic ONE output every half cycle.

The exclusive OR gate function is demonstrated with the
various waveforms in Figure L.

A threshold function is obtained electrically by gilving
the exclusive OR output signal a slow rise time and fast
fall time as shown in Figure 4. The slow rise time,
coupled with the inherent voltage threshold of the follow-
ing logic AND gate, used for the 1ead/lag determining

function, will require the error output of the exclusive
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OR gate to persist long enough to build up to the
voltage threshold. This is an analogue function and
not the only way to obtain the threshold, but it is
used in the developmental model because of its adequacy

and ease of instrumenting with the logic circuits used.

The phase lead or lag determination is accomplished by
gating the error output with the second most significant
bit output from the ADDER of the digital phase shifter.
This function is demonstrated with the signal waveforms
shown in Figure 4. The ADDER output number cycles with
decreasing value in the same manner as the phase reference
input, as demonstrated in Figure 3. Also, an increase in
the "fixed" number stored in the active register causes
the feedback to increase in phase lag. Therefore, when
the phase error signal from the exclusive OR gate occurs
while the second most significant bit is a one, the input
signal is lagging the feedback signal, and clock pulses are
gated into the active register to increase its number and
causes the feedback to shift in the lag direction. In
like manner, when the phase error occurs while the second
bit is a gzero, the input signal is leading the feedback
signal and clock pulses are gated by the complement of the
second bit causing the active register to decrease its
number, thus shifting the feedback in the lead direction.
A discriminator constructed in this manner will perform

properly over a complete cycle of the signal frequency.
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Active Register

The active register is an up-down counter composed of
binary scalers which are gated as a "ripple through"
counter to trigger the next stage from "ONE'S" side

of the trailing edge of the waveform to count up and they
are gated to trigger from the complementary or '"zero"
side to count down. The up-down control is a direct
coupled flip flop controlled by the discriminator. Clock
pulses of a sufficiently high rate are gated into the
counter whenever the discriminator threshold gste fires.
This clock pulse rate, in part, determines the servo loop
gain for the digital phase trackers.

Reliable Range Number Indication

A reliable signed bit is associated with each range number.
A binary ONE indicates that the range number is properly
formed to the extent that the range tones are being tracked
and the range ambiguity has been resolved. The reliability
signal is derived from the error signals of the three lower
frequency range tone trackers. These signals are added in
a logic OR gate and presented to a Schmitt device which
fires above a set threshold. The Schmitt then drives a
time delay network which will hold the reliable output in
the off or zero condition for a set period. If any one of
the three discriminators fires every seven milliseconds or
at a faster rate, the reliability signai will be held at zero.

The time period is long enough to assure that the low

-10-
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frequency range tone is being tracked. The time

period is also long enough to require that all four

range tones are phase coherent. The fine range tone
tracker is also included because & random fine range

tone signal will cause the adjacent tracking loop to see
a random least significant bit due to the tracker overlap
described previously.

Frequency Converters

The fine range tone frequency of 2.342 MH, and the renge

resolution tone frequency of T3.1875 KH, are mixed with
phase coherent tones developed in the phase reference
generator. The difference frequencies are then filtered
out and used as the signal inputs for the respective

tracking loops. Each difference frequency is at 2.287 KH, -

The phase or range information carried by each range tone is
conserved by the mixing process (see Appendix II), but the
sampling rate of the phase data is reduced because the
discriminators used with the trackers check the phase only
at the zero crossings of the difference frequency. The
advantage gained by mixing is the reduced speed required
for the digital elements. The clock rate required without

mixing would be about 600 MH,-

Telemetry Transfer Signal

A telemetry transfer signal is developed in the AROD Vehicle
system that is used to "time table" the data. When the

Vehicle Range Extraction Unit receives a transfer pulse,

-11-
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all discriminators in all four channels are momentarily
inhibited to prevent updating of the range numbers and

the range numbers in the active registers are non-
destructively transferred to the buffer storage registers.
The previous number in each storage register is cleared

at the same time. The buffer storage registers are composed
of direct coupled flip flops which are momentarily slaved
to their respective active register flip flops during the
transfer pulse and are inhibited at all other times.

Command Logic Qutput

The range number outputs to the Command Logic Unit of the
AROD System consist of the twelve most sigﬁificant bits of
the active register of each channel. The numbers are
available at all times. However, the command logic equip-
ment develops an inhibit pulse which inhibits all discrimin-
ators in the VREU to prevent updating of the range numbers
during the moment these range numbers are being monitored.
GENERAL FACTUAL DATA

Each channel of the Range Extraction Unit derives the range
and resolves the range ambiguities from the phase data
carried by the four range tone inputs. The range is then
presented in parallel binary number form as the output.
Each range tone is tracked using digital phase locked loops
which include a portion of the binary range number in each

loop. The phase tracking loops are tied together through

-12-



RYAN ELECTRONICS

the range number and each adder section in a way
which causes the lower frequency or range ambiguity
resolving loops to be dependent, within limits, upon
the high frequency loop which tracks the fine resolu-
tion tone. vThis feature is preserved as long as the
coarse range tones maintain phase coherences within
phase error limits with a 3¢~ value of about + 5
degrees.

Range From Phase Data

The four phase reference tones developed by the phase
reference generator are modulated on a coherent micro-
wave carrier frequency and transmitted from the vehicle

to a transponder station. The transponder in turn removes
the modulation tones from the carrier and places them on

a new carrier frequency developed in a precise manner to
preserve the phase and doppler information for the first
half of the Journey and then transmits back to the vehicle
where the tones are removed in the corresponding receiver
channel and returned to the VREU. Each range tone has thus
made a round trip to the transponder and has experienced a
time delay relative to the time advanced reference tone.
The time delay has a value twice the one way range divided
by the speed of light or radio propagation. The phase lag,
06, experienced by any one of the tones is equal to the

frequency of the tone multiplied by the delay time.

_13_
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8 = fr 2R cycles
c

The phase lag may be several cycles plus a fraction of one
cycle depending on the range tone frequency. The number of
full cycles of shift experienced by a higher frequency tone
can be resolved by measuring the phase shift of a lower
frequency tone to the extent that one cycle of the lower
frequency is several cycles of the higher frequency tone.

Optimum Range Tone Frequencies

The frequency of the coarse range tone must be low enough so

that the desired maximum range will not cause the phase lag to

be greater than one cycle of the coarse tone. The number of range
tones used and their frequencies can be based on criteria governed
by the phase Jjitter expectaﬁion on the coarse tones, the phase
measuring resolution of the equipment and the sampling rate desired
in cases where the phase is sampled only at the zero crossings

of the range tones. This method is used in the developmental
model's digital discriminatcr. The choice of optimum range tone
frequencies, however, was not a prerogative in the design of the
developmental model of the range extraction equipment. The
sampling rate of the fine range tone was a choice made during the
design of the development model. This high frequency tone is
mixed down to a frequency of 2.287 KH,. If the vehicle range is
changing at a maximum rate of 9,000 meters per second, the change
in range between each half cycle sample will be 1.8 meters. The

range error is reduced to zero during each sample so that the active

-1k~
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register is updated in quentized steps of about 1.8

meters. The transfer of the buffer storage, however,

may occur at any time between sample periods because

the transfer trigger is generated elsewhere in the AROD
system. This situation leaves an uncertainty in the

range readout to the storage register during the maxi-

mum range rate. This condition can be avoided by mixing
the fine range tone down to a frequency of 18.296 KHg

to increase the sample rate. The use of this frequency
will provide quantized range steps no greater than 0.25
meters at the maximum range rate. This is equivalent to
reducing a servo system's dynamic lag and can be accom-
plished in the present digital phase trackers by increasing
the phase reference generator number by one bit and increas-
ing the reference frequency.

Binary Range Number

The range number of each channel of the Vehicle Range Extraction

Unit is required to be a parallel binary number large enough
to represent a range of 2097 kilometers with a bit resolution
of 0.25 meters. . A twenty-three bit binary number satisfies
these requirements. The most significant bit of this number
represents a range value of 220 peters or 1048.576 kilometers.
The least significant bit represents a range step of 2—2 or
0.25 meters. When all of the bits of this binary number

are "ones", the total range represented is 2,097,151.75

meters. This range number can be expressed by a maximum

_15_
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value R multiplied by a binary fraction between zero and one

as represented by a summation:

N
(1) R = Ry Z: o K
K=1 2 k
where the cfk's are either ones or zeros and where
21
Pm = 2 or 2,097,152 meters. N = 23

The binary range number stored in the active register of each channel
of the range extraction equipment is such a number. It can be sepa-

rated into the sum of four sections corresponding to the four range

tone frequencies used, thus:

2

2
.S
(2) R=2 "‘_0_/K_ +216§0/K+5+
2K

- oK

R E '
c/K+lO +2 2 Q’K+l5

K=1
Now, since the propagation time delay, 7/~ , is equal to the value

given by:

7= =®

C
The binary range number is substituted for the range in the time delay

expression, giving:

(3) T=(2:22 Z o/)K + 7 Z JK+5 +

K=1 K=

5/ cf K+lO + Z of K+l5

K=1 K=1

Each section in this sumation is multiplied by a coefficient just
equal to the reciprocal of the corresponding range tones. The time

delay expression can thus be written as:

-16-
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() 7 =1 ’ oK + 1 }’5 K45
FE k=1 2K

8
+_1 <§il o/K+10 + 1 ;EE_ oﬂK}li

fa k= 2 71 "k X

= o T
where: {l =2 'C or 2.3420 MH,
o 2% or 73.187 xE,

3 - o 2.2871 KH,

1[& =2'22C or TL.4T H,

when C = 3.99776 x 106 meters per second.

Each section of the time delay number, equation (L),
is some binary fraction of the associated frequency.
Also, each least significant bit of a section is one
complete cycle period of the nex@ adjacent higher
frequency.

- Range Ambiguity Resolution

The first coarse range tone experiences a phase lag

given as a binary fraction of a cycle equal to =

7£47_=§— &K +2'5§L Jx _+5
K=1 X K=1 K

8 -
20 5o ke 2P = ofkaas
*2 K=1 X

K=1 eK

-17-



RYAN ELECTRONICS

Only the first five most significant bits of this phase
shift will be updated by the coarse range tone tracker
because the remsinder is a fraction (less thean one cycle)
of the next higher frequency tone and thus can be resolved
by its frequency tracker. The feedback signal for the
coarse tone tracker, however, is shifted by a part of the
remainder so that the tracking loops will not be completely
independent. This overlap is two binary bits in the
developmental model. Thus, the feedback signal is updated
in steps of 2-7 parts of a cycle, while the tracking loop

p

is only responsible for phase shifts of 2" parts of a

cycle or greater.

The discriminator of this tracking loop has a threshold

gate which is set so that the phase error between the range
tone input and the feedback signal must exceed a value of
about three quarters of the least significant bit controlled
by the tracker or about 8.4 degrees of phase. This threshold
value coupled with the effect from the feedback overlap
allows a clear phase jitter region for the input signal of

+ 5.5 degrees. 1In the second tracking loop, the phase shift
experienced by the next range resolution tone, f3, is equal
to:

5
£ = 25 E _CZZE__ +
3 K1 oK

Jk+5 =+ 277
K=1 2K

T L EHO =T
oK 2

8
i S0 w20 > /K + 15
K

-18-
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The first five bits of this number are counts of one complete
cycle of the range tone and cannot be detected by this phase
tracker. They are handled by the coarse range tone tracker.
Only the five bits of the second section of the number will
be updated by this tracking loop but its feedback signal is
shifted by an overlapping section as in the first loop. The
third tracking loop works in the same manner.

The full active register is gated in a manner that allows
each range number section controlled by a tracking loop to
be updated by the adjacent higher frequency loop. When the
higher frequency, for example, the 2.287 KHZ tone, gradually
shifts in phase to complete a full cycle, a count is added
or subtracted to the next section. This prevents the
discriminator of the next section, for example, the T1.L4T
HZ tone loop, from "firing" and the phase difference of
this loop never exceeds one quarter of a bit error for
coherent range tones. FEach section of the range number is
therefore controlled independently by the range ambiguity
resolving loops until the errors are below threshold and
from thereafter they are controlled by only the fine

resolution tracking loop.

Iv DETAIL FACTUAL DATA

A.

Equipment Calibration

The Vehicle Range Extraction Unit provides the AROD system
transmitter with four reference tones which are transmitted

to a transponder and returned as range tones with phase shifts

-19



RYAN ELECTRONICS

proportional to the range to the transponder. The

range number of any one of the chamnnels should therefore
read zero range if the four reference tones are coupled
directly to that channel as range tone inputs.

There are several locations in the VREU where filters

are used and these filters have been provided with phase
adjustments which can be used to avoid the "zeroing" of

the phase bias errors caused by the filters. These phase
adjustments, however, have limited adjustment ranges so that
they cannot be used to remove phase bias errors developed
by the entire AROD system. Phase adjustments external to
the VREU should be used for day to day calibrations since
they duplicate the function of the internal adjustments.
There is a phase and gain adjustment for each of the four
reference tone outputs. The reference tones are sine waves
which are the filtered fundamental frequency components of
their square wave counterparts used as references in the
digital equipment. Each filter should be adjusted so that
the sine wave output is in phase with the square wave input.
The filters used in the developmental model are simple R-C
low pass filters which change in gain as well as phase when
the phase adjustment resistor is changed. Therefore, a
gain adjustment is also provided so that the reqguired signal
level can be maintained.

The range tone mixers of each channel of range extraction
equipment have a phase adjustment on the reference tone inputs

to the mixers. Two reference tones developed by the phase
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reference generator are common to the four channels.

The high frequency tone (2.34% MH,) is mixed with the

fine range resolution tone (2.342 MH;) to get a difference
frequency of 2.287 KHy which is filtered before going to

the phase tracking equipment. The second reference tone

has a frequency of approximately 70.9 KH, and is mixed with
the T73.187 KH, renge tones. A phase shift of these tones

is equivalent to a phase shift of either the range tone or
the filter following the mixers. These mixer phase adjust-
ments permit small phase corrections in the two higher

range tones of each channel. No phase adjustments are
provided for the two lower frequency range tones of each
channel.

Procedure

A special display is required for readout of the range number.
This equipment should be able to display the twenty-three
bits of the range number plus one bit for the relisbility
indication. Also, a pulse generstor is required to simulate
telemetry transfer pulses to continuously transfer the range
data into the buffer storage registers. The pulse generator
should deliver a five volt pulse of about five microseconds
duration at a pulse rate arbitrarily set at two hundred
pulses per second. The reference tone input to the VREU

is also required and must be from & stable frequency source

of L.684 MH,, because the filters in the equipment change in
phase with a change in frequency.
The calibration test setup is shown in the block diagram,

Figure 5. Four short coaxial cables are used to connect the
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reference tone outputs to the data channel being
calibrated. The three lower frequency tone outputs
should be terminated by fifty ohm resistors. The high
frequency reference tone inputs of each chennel are
already terminated with fifty ohm loads.

A scope can be used to set the gain adjustments so that
the output tones have & peak to peak value of two volts
within one db. The gain adjustments are located on the
Phase reference generator motherboard and are identified

as follows:

Ry, = gain of 2.287 KH,
R3 = gain of 73.187 KH,
Ry = gain of 2.342 MH,

The gain adjustment, R8, for the T1.L4T HZ tone is on the
PC board under the chassis. The phase adjustment resistors
are located on the phase reference generator motherboard

and are identified as follows:

R, = phase of 2.287 KH,
R, = phase of 73.187 KHz
R5 = phase of 2.342 MH,

The phase adjustment, Rh’ for the T1.47 HZ tone is also on
the PC board under the chassis.

The phase adjustments are varied until the range readout
lights are extinguished, indicating zero range. The higher
frequency tones should be zeroed first because the range

number is not made up of independent sections. The zero of
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each range tone can be viewed on an oscilloscope by
monitoring the discriminator outputs of each cheannel
(Dl, Dy, D3 and Dh).
The high frequency range tone controls the eight least
significant bits of the range number. The three lower
frequency tones each control five bits of the range
number increasing in significance with the decreasing
range frequencies. The reliable data light will come
on when the number is properly zeroed. The phase adjust-
ment of the two higher frequency range tones can be aided
by adjusting resistors on the third motherboard of each
channel. These resistors are identified:

R7 for the 2.342 MHZ tone,

Rg for the T73.187 MH, tone,
All four channels must read zero range for the same

reference tone settings.

Program Activities

The program was initiated by reviewing the equipment require-
ments and evolving a program plan. The equipment specifica-
tion was written utilizing information in the specification
iésued by MSFC. Following issuence of the program plen and
specification, a design concept review was held. Ordering
of parts and breadboarding of circuitry was then begun.
Certain modifications to the Vehicle Reange Extraction Unit
were anticipated early in the program and a proposal cover-

ing the modifications was submitted, as requested, to MSFC.
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The modification guote submitted included the addition

of buffer storage devices between the active up-down

counters and telemetry equipment; a quantity of two

units, each with two range extraction chennels, end

12 output emitter followers from each channel to isolate

binary information between the active up-down coﬁnters

and the command logic subassembly and provision for 20

monitored points.

Ground rules for system and equipment design were

established between MSFC and Ryan representatives early

in the program. These ground rules are summarized below:

1. - A floating grounding system was desired with pro-
visions for grounding the system at one central
point.

2. - All monitored outputs must be short proof (power
supplies excepted).

3. - All input impedances to be 10 K ohms or greater and
all output impedances to be less than 100 ohms.
Note: This was later amended to require an
input impedance of 50 ohms on the 2.342 megacycle
range tone input and 500 ohms on the three other
range tone inputs. It was further amended to
include an output impedence of 50 ohms for the
reference tone outputs.

k. - Connector pin sssignments were arranged so that the
first pin carries the common line.

5. - A buffer storage erase pulse was not required
because the VREU uses flip flop storage devices.

-2k -
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6. MSFC to provide reference designation and

drawing number information.
T. The equipment was designed to mount on a

standard Emcor heavy duty 19" relsy rack,

type XRH-21-19-19. Ryan furnished the

Jonathan type 150-Q-DB chassis slides.
Ryan investigated the need for isolation between the 12
active up-down counters and the commend logic subassembly.
It was determined that there was the possibility that the
circuits would operate properly without isolation but there
was the risk of triggering the active up-down counters by
transients on the output lines. The isolation circuitry
was included in the design.
Power supply requirements were determined early in the
program. It was decided that the following power supplies
would be required: - Plus 12 volts DC @ 3/4 emp.; plus T
volt DC @ 12 amp.; minus 6 volts DC @ 3/4 amp. MSFC repre-
sentatives requested that the plus 7 volts level be changed
to plus 6 volts. The plus 7 volt level could be changed to
plus 6 volts if the output signal level to telemetry could
be changed to 5 plus or minus 0.5 volts DC instead of 5.5
plus or minus 0.5 volts DC. Since this requirement could
not be changed the power supply level was retained at plus 7
volts DC.
AROD Spec. 6, dated 26 August 1963 included the requirements
for the modifications quoted by Ryan early in the program.

This specification also included the requirements for the
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use of Type TNC connectors in place of Microdot connectors.

The following connectors were selected for use in the VREU:

Quantity Connector Type Function
1 TNC Reference Frequency Input
16 TNC Range Tone Inputs
1l TNC Range Data Inhibit Input
1 TNC Telemetry Data Pulse Input
Ly TNC Reference Tone Output
1 Bendix Pygmy Output to Command Logic

PTO2SE-24-613

2 Bendix Pygmy Telemetry Output
PTO2SE-2L4-61S

1 Bendix Pygmy Monitoring Points
PTO2SE-16-268

1 Hubbell Type Power Input
Number 7486

Power supplies selected for the Vehicle Range Extraction Unit

are Technipower models S-7T7.3-1204, S-lé.O-O.75OA and S-6.0-0.750A.

At the request of MSFC, Ryan incorporated ammeters to measure
the current delivered by the power supplies.

Representatives of MSFC and Brown Engineering visited Ryan
early in Januery 1964. The representatives observed operation
of the VREU breadboard and were given a description of circuit
operation. Discussions concerning the requirements for spare
sub-assemblies resulted in & recommendation that a small
quantity of each module would be provided on a separate spares
order. Drawings used for the manufacture of the VREU were
reviewed and 1t was decided that these drawings would be

sufficient for use by MSFC.
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During the acceptance tests on Serial #l1, a jitter
problem was discovered which caused inaccurate readings
in the last three stages. This Jjitter was eliminated
and the first VREU was shipped on 21 February 1964. The
second VREU was shipped to MSFC on 28 February 1964. In
addition, a complete set of drawings including sepia line
tracings of schematics, assembly drawings, penel and chassis
assembly and block diagrams have been forwarded to MSFC.
RECOMMENDATTIONS
The entire digital portion of the Vehicle Range Extraction Unit
can be fabricated using "off the shelf" integrated circuits to
reduce the size, weight, and power consumption of the equipment
and improve the reliability expectation.
The analog or linear circuits involved in the interface with the
transmitter and receiver equipment constitute the weakest portion
of the system when considering range accuracy. These circuits
could be eliminated or minimized by modifications in the design in
some areas of the vehicle equipment. The areas concerned are those
involving transmitter modulation and receiver demodulation techniques.
As an example, the range tones are not required by the digital range
extraction equipment since only the range tone phaese errors are
used to update the range number. Therefore, the renge extraction
equipment and the receiver demodulator equipment can be combined
to eliminate unnecessary circuitry. The number of range tones per
chennel can be reduced to three. The fine range resolution tone,
(2.342 MHZ), and the coarse range tone, (T1.47 Hz), would be the

same with an intermediate range ambiguity resolution tone at
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9.128 KHz' The phase sampling rate for the fine range tone
would be each half cycle of the 18.297 KHZ frequency for the
minimum range resolution of 0.25 meters at the maximum range
rate of 9,000 meters per second. PFurther simplification of

the system could be accomplished by using switched frequency -
pulse code modulation for a single range ambiguity resolution
tone of T1.47 HZ accompanied by a continuous wave tone for fine
range resolution. Extensive bandwidth would not be required for
the PCM~-FM because the rise and fall times of the pulses can be
restored with suitable circuitry.

The above modifications would considerably simplify the vehicle
system by extending the digital portion of the equipment into
the transmitter and receiver circuitry where the use of "off the
shelf" digital integrated circuits would result in smaller size

and greater relisbility.
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1. SCOPE

1.1. Applicability. This specification sets forth the general requirements
for system development models of AROD vehicle-borne ecquipment, and is
applicable to all such equipment.

2. APPLICABLE DOCUMENTS

2.1. Documents. The following documents provide additional information
as to requirements toward which design efforts should be directed since
these requirements will be imposed on later models of the equipment:

(a) MSFC-STD-154 Printed Circuit Design and Con-
struction; Standard for

(b) MSFC-PROC-158B Soldering of Electrical Connections
(High Reliability); Procedure for

(c) MSFC-PROC-257 Conformal Coating of Printed Cir-
cuit Assemblies; Procedure for

(d) MSFC Astrionics Division Design Guide Line Procedure 09-5;
Design of Electronic Componant Hous ings for Flight Equipment.

(e) AROD-SPEC-2 Packaging of System Development
Models of Vehicle-Borne Equipment

(f) AROD-SPEC-3 Vehicle-Borne Equipment Tentative
Environmental Test Specification

2.2. Availability. Copies of the above listed documents, for use in
connection with AROD System contracts, may be obtained from the con-

tracting officer.
3. REQUIREMENTS

3.1. Background. The system development models of AROD vehicle-borne
equipment will be used for tests in the laboratories, and will also be operated
in an aircraft during flight tests. They will not be placed on a launch vehicle,
and thus will not be subjected to launch or space environments. Neither is it
necessary that this equipment meet the size and weight limitations of flight
hardware. It is intended, however, that the prototype and production models to
be later developed as a result of the system development test program will
meet all the requirements for flight hardware. All designs for system develop-
‘ment units will be designed with this objective in mind.
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3.2. Dimensions and Weight. Units shall be of such size that they can be
mounted on standard 19 inch rack panels, as required by AROD-SPEC-2,
Good design and manufacturing practices shall be followed, so that the units
are not excessively large or heavy.

3.3. Environmental Requirements. Units shall meet conditions which
would normally be encountered in laboratory and aircraft flight testing
conditions.

3.3.1, Temperature. The equipment shall be capable of normal operation
in atmosphere at 0° to + 60° C.

3,3.2. Shock and Vibration. The equipment shall be designed to withstand
the normal shocks which would be encountered in shipping and handling,
laboratory testing, and aircraft flight testing.

3.3.3. Altitude. The equipment shall be capable of operating at altitudes
up to 25, 000 feet.

3.4. Power Requirements, The equipment shall be designed to operate from
voltages which are easily obtainable from 28 volts DC, which will be basic power
source for future equipment. Prior to incorporation of supply voltages into final
design, approval to use the voltage levels shall be obtained from MSFC. Power
supplies, which in this case will operate from 115 volts AC, will be provided by
MSFC.

3.5. Connectors.

3.5.1. Signal Connectors. Unless otherwise specified in individual instances,
all signal connectors shall be type N, TNC, or TM, or Microdot screw-type
jacks and plugs, types 31 and 32. '

3.5.2. Power and Distribution Connectors. All power and distribution
connectors shall be AN or MS approved types.

3.6. Test Points. Test points shall be provided as required by specifica-
tions for individual units. Additional test points may be added as considered
advisable. Test points associated with signal paths shall be green; all other
shall be white. |

3.7. Monitoring Points. Monitoring points shall be provided as required by
specifications for individual units, Additional monitoring points which are
considered to be required to provide complete information ¢f important system
characteristics shall be added.

3.7.1. Monitoring Outputs. A 0-5 volt DC output proportional to the function
being measured shall be provided for each monitoring point. Impedance of
each monitoring point shall be 5k ohms or less.
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3.7.2. Monitoring Connections. All monitoring points shall be connected
through eeasxiat-or-shislded-wire to a common connector for each unit,

3.8. Components. All components used shall conform to accepted standards
of the industry. '

3.9. Design, All units shall meet accepted standards of performance and
reliability,

3.10. Manufacturing. All units shall conform to accepted standards of work-"
manship, Components shall not be potted.

3.11, Design Objectives. All design shall be accomplished with the following
requirements in view. While these requirements are not binding upon the
equipment covered under this specification, no design shall be used which will
not allow compliance with these requirements in future models.

3.11.1. Dimensions and Weight, Future units will be required to be of the mini-
mum size and weight which is consistent with meeting the requirements for relia-
ble equipment.

3.11. 2, Mounting. Future units will be designed for mounting on thermal con-
ditioning panels, as described in MSFC Astrionics Division Design Guide Line
09-5.

3.11, 3, Environmental Requirements. Future units will be required to meet
the environmental test requirements for launch and space vehicle equipment;
the tentative environmental testing these units will be required to meet is
contained in AROD-SPEC-3,

3.11.3.1. Temperature. Future units will be required to operate in atmospher-
ic temperatures ranging from -85 © to0 +100 © C. Temperature control will be
provided by means of thermal conditioning panels, which will be maintained
between + 15° and + 27° C, which will have a heat-dissipation capability of approxi-
mately 5 watts per square inch. These panels are described in MSFC Astrionics
Division Guide Line Procedure 09-5.

3.11. 3. 2. Altitude. Future equipment will be required to operate in an unpres-
surized compartment in 7a space environment; that is, it must operate satisfactor-
ily in atmosphere of 10” ' Torr.

3.1l.4. Power Requirements. Future equipment will be required to operate at
optimum efficiency, using a minimum of power. They will operate from 28+ 4
volts DC, with possible surges up to 40 volts for 10 milliseconds.
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3.11.5. Components. Future units will be required to incorporate only
components which meet the reliability and quality requirements for use in
manned vehicles,

3.11. 6. Manufacturing. Future equipment will be required to comply with
MSFC-STD-154, MSFC-PROC-158B, and MSFC-PROC-257.
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I. SCOPE

i.,}. This specification is applicable to the system development mode!
of the Range Data Extraction equipment of the AROD System.

2. APPLICABLE DOCUMENTS

2.1. The following document sets forth requirements applicable to the
Range Data Extraction equipment:

AROpP-SPEC-5 Vehicle-Borne Units, General Specifications
3. REQUIREMENTS
3.1, OGenerat.

3.1.1. _Background. The Range Data Extraction equipment will be a part
of the vehicie-borne portion of the AROD System. Range data must be
extracted from four identical channels. A channel will have four range
tone inputs which are delayed in phase due to transmission to and from
a given ground transponder. The Range Data Extraction equipment must
determine and present in binary form the phase difference between the
received range tones and the reference tones. Readout will be trans-
ferred in straight binary form to a storage register which will inter-
face with telemetry equipment, and at a later date with the guidance
system. A range data transfer pulse will be generated elsewhere in the
AROD System to enable time correlfation of the data being transferred
with other data being generated by the System.

3.1.2. Description. The Range Data Extraction equipment shall consist

of a basic unit containing a phase-reference generator and four digital
range data extractor modules. The range data extractor modules shall be
so constructed as to be easily removable and interchangeable for all
channelis.

3.2. Performance. The equipment shail meet the fol lowing performance
requirements:

(a) Maximum range 2097 km
(b} Minimum range Om

(c) Range resolution 10.25 m
(d) Maximum range rate 9000 m/sec

3.3. Reference Frequency lnput. The unit shall accept the following
reference frequency from the frequency synthesizer:

(a) Frequency 4,684 MHz

(b) Amplitude 2.0 v (peak-to-peak, sine wave)ti.O db
(c) 1Input impedance 50 ohms

(d) Connector Type TNC

{(e) Number of Connectors I
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‘ 3.4 Range Tone Input, The equipment shall accept from the receiver four
range tones on each channel, as follows:

(a) Frequency. 2.3420000 MHz

73.1875 KHz

2.2871 KHz

71.47 Hz
(b) Amplitude 2.0 v (peak-to-peak, sine wave) +/.0 db
(c) Input impedance - 2.342 MHz 50 Ohms

others 500 Ohms

(d) Connector Type TNC
(e) Number of connectors i6 (4 per channel)

3.5. Reference Tone Output. The following frequencies, which are generated
within the Range Data Extraction equipment for phase-comparision purposes
shall also be avaiiable as outputs for use in deriving the modulating signals
to the transmitter:

(a) Frequency 2.3420000 MHz
73.1875 KHz
2.2871 KHz
71.47 Hz
(b) Amplitude 2.0 v (peak-to-peak, sine wave) t1.0 db
(c) Output impedance 50 Ohms
(d) Connector Type TNC
(e) Number of connectors 4
3.6. _Range Data Inhibit Pulse Input. The equipment shall accept the follow-
ing pulse which will inhibit updating of range data during the time data is
read by the command logic circuitry. Only one data inhibit pulse will be

provided; distribution to each of the four channels shall be made within the
Range Data Extraction equipment.

(a) Amplitude 5.5 +0.5v
(b) Duration 5 microseconds
(c) Time between pulses 96 milliseconds
(d) Input impedance 210,000 Ohms
(e) Connector Type TNC
(f) Number of connectors |
3.7. Output to Command Logic. The equipment shall include suitable circuitry
to provide the following outputs from the active register!+a—sesponse—to—the
dota—transfer—puteet
(a) Output format 12 most significant bits
of binary data per channel
(b) Impedance of command logic 2. 10,000 Ohms
(c) Binary output voltages "N =5540.5v
"o £0.5 v
(d) Connector Bendix Pygmy
. (e) Number of connectors !
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3.8. Telemetry Ouput. A buffer storage register shall be provided which

will accept data from the active register and hold it for sampling by

the telemetry equipment. The buffer storage register shall have sufficient
capacity to hold simultaneously data from al! four channels. Previous entries
shall be erased at such time as updating data is entered. The output from
the buffer storage register shall be as follows:

(a) Output format A minimum of 23 bits and |
reliabifity bit for each of
four channels. More bits
shall be used if necessary to

meet specified resolution.

(b) Binary output voltages """ =554+4+0.5v
"nns 0.5 v

(c) Output impedance 600 ohms

(d) Connector Bendix Pygmy

(e) Number of connectors 2

3.9, Telemetry Data Transfer Pulse Input. The equipment shall accept
the following command pulse as a signal to transfer range data from the
active register to the buffer storage register. Only one data transfer
puise input will be provided; distribution to each of the four channels
shall be made within the Range Data Extraction equipment.

(a) Amptlitude 5.5+ 0.5v
(b) Duration 5 microseconds
(c) Time between pulses 0.25 seconds
(d) input impedance = 10,000 ohms
(e) Connector . Type TNC

(f) Number of inputs I

3.10. Monitoring Points. Monitoring points shal! be connected and signals
shall be provided as required by AROD-SPEC-5. Seventeen monitoring points
shall be provided as follows:

(a) Range tone inputs--four on each of four channels
(b} 4.684 MHz input from freguency synthesizer

In addition, all input DC voltages shall be connected to the monitoring point
connector; no signa! processing is required on these voltages.

3.11. Test Points. Test points shall be provided and color coded as required
by AROD-SPEC-5. Test points shail be provided for the following:

Reference frequency inﬁut from frequency synthesizer

(a)

(b) Range tone inputs from receiver

(¢) Range tone outputs

(d) Reference tones generated within the equipment
(e} Outputs of active register

(f) Necessary test points for troubleshooting

Additional test points shall be provided as deemed advisable for checking per-
formance of the equipment.
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SINGLE SIDEBAND MIXER PROCESS

The phase coherent reference frequencies mixed with the
incoming range tones are developed in the phase reference
generator by modulating the corresponding reference tones

by 2.287 KHZ sine waves in single sideband mixers to obtain
the lower sideband. The single sideband mixers give good
rejection of the unwanted sideband without elaborate filtering.
The single sideband mixers are composed of two balanced
modulators with the outputs added together to give the
required phase of the lower sideband. This function is

represented by the trigonometric identity:
cos (W, -%p) t = cos Wyt coswhlt + sinw t sinut

To demonstrate that the phase data of the incoming range tones
are conserved, consider the phase reference tone outputs from
the phase reference generator to be sine waves with arbitrary
phases:
2.3k2 MH, : sin Q)lt + o
T73.187 Ki, : sin wgt + ﬁ
2.287 KHz : sin Lﬂgt + Y
TLUT H, :  sin @t o
The tones generated by the single sideband modulators are:
1 cos {?ﬁ -403 ) t +X - gﬁ}
, = cos {?g @y ) t K - Jﬁ}

The four reference tones are transmitted to a transponder

T

i

T

and return with a relative time delay, />~ , as:
sinfy (¢ 7))+ o)
sinfw, (t-7) + &)
sinf)s (6 -7) + 77
sinfy (¢ -7) +o{}
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The two higher frequency range tones are mixed with
the corresponding single sideband tones to give:
2 sin {Wl (t -77) +d}cos (e ~us) bt -7 =
sin {(2(4/1 -w3) t -UNT + 2% - ?’]+ sin[&(/3 t -wlT"'@/}
and likewise:
sin{(2Wp - W3) t -W+ 28 -’o"}+ sin W3 b - 6027“+?j
where only the difference components are sent to the phase
trackers. The four tones seen by the phase tracking loops
are, therefore:
sin (W3 t -w17 +7)
sin (a)3 t -U)27-+ 7)
sin (w3 t -~W37+ %)
sin (W), t W, 7T +d)
The phase trackers then add phase lags to corresponding

reference tones until they equal these signals as follows:

sin (W3 t -6, +7) sin (W3t -WT+7)

sin (W3 * -0, +7) sin (w3t ~WT + )
sin (W3t -B3 +y) = sin (gt -wW37 +7)

sin (W) t -(;h‘ +d) sin (&) t —CLL.’T‘-!—J‘)

Il
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1.0 SCOPE

RYAN ELECTRONICS

REPORT NO. 53465-1

ACCEPTANCE TEST PROCEDURE

1.1 General -~ This document covers the Procedure for Testing the

Range Data Extraction EqQuipment, Ryan Model 534, to demonstrate compliance with
the requirements of Contract NAS8-5u81.

2.0 REQUIREMENTS

2.1 Tests Required - The following tests shall be performed:
Test Paragraph
(1) Min. Range 3.1
(2) Range Rate 3.2
(3) Inhibit Operation 3.3
(%) Transfer Operation 3.4
(5) Range Output to Telemetry 3.5
(6) Range Output to Command Loglc 3.6
(7) Reference Tone Signals 3.7
(8) Reliability Signal 3.8
(9) Monitored Outputs 3.9
2.2 Standard Test Conditions - All laboratory tests shall be performed

under the following standard test conditions unless otherwise specified.

(1) Temperature Room Ambient (20° to 30°C)
(2) Humlaity Room Ambient to 80% relative
(3) Pressure Normal Ground
(%) vVibration Normal Bench
(5) Warm-up Three Minutes
(6) Power 115 VAC
3.0 PERFORMANCE TESTS
3.1 Minimum Range - Measure the ability of the RDEE to provide digital
range readouts as follows:
(1) Test Setup - The test setup shall be as shown in

Figure 1. Check the phase and galn calibration of the

reference signals.
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(2) Measurement - With the reference signals connected a&s
range tone inputs, observe the reading of the ective register.
When a reading of zero is obtained, the minimum range is
measured. Note: Fluctuations of the high resolution counters
is to be expécted because of transient signals and noise.

3.2 Range Rate - Measure the abllity of the RDEE to track rate
changes up to 9000 meters/second.

Note: This test cennot be accomplished because & calibrated range -
rate simulator is not avallable.

3.3 Inhibit Operation -  Ascertain that the range data 1is inhibited
from updating when the range detas inhliblt pulse 1s present.
(1) Test Setup - The test setup shall be as shown in Figure 1.
(2) Measurement - Apply the following signal to the range data

inhibit pulse input line:

Amplitude ....cececeveccesasss 5.5 0.5V
Duration ....ccccv0000ee..... Approx. 5 microseconds
PRF  scecovecceccnsscoonsonans " 100 Hz.
Allow the phase of the range tones to vary while observing
the output range data and the inhibit signal on the scope.
Observe that the range data does not change when the inhibit
signal is present. Record the observation on the data sheet.
3.4 Transfer Operation - Determine that the telemetry data transfer
signal transfers range data from the active registers to the buffer storage registers.

(1) Test Setup - The test setup shall be as shown
in Pgure 1.

(2) Measurement - Apply the following signal to the telemetry
data transfer pulse input line:
Amplitude .oeveeevesccnssenensesss 5.5+ 0.5V
Duration .sececcceveccosacscsenss 5 microseconds
Time between pulses ....csse0s00., 0.25 seconds min.
Observe range data transfer from the active reglster to the
buffer storage register. Also note the active counters are inhibited during the
transfer operation. Record the observation on the data sheet.
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3.5 Range Qutput to Telemetry - Determine that the correct
signals are avallable at the output of the buffer storage register.

(1) Test Setup - The test setup shall be as shown
in Figure 1.

(2) Measurement - Using an oscilloscope, determine that
& logical "1" from the 23 bits of each channel 1s 5.5 + 0.5
volts and a logical "O" is = 0.5 volts. Note any dis-
crepancies on the data sheet.

3.6 Range OQutput to Command lLogic - Determine that the correct
signals are available at the output of the command logic buffers.

(1) Test Setup - The test setup shall be as shown
in Figure 1.

(2) Measurement - Using an oscilloscope, determine that
a loglical "1" from the 12 bits of each channel is 5.5 + 0.5
volts and a loglcal "O" is * 0.5 volts. Note any dis-
crepancies on the data sheet.

3.7 Réference Signals ~ Measure the output reference signals.

(1) Test Setup - The test setup shall be as shown
in Figure 1.

(2) Measurement - Using a frequency counter and an
oscilloscope, determine that the reference signals meet
the followlng requirements:

Frequency: 2.342 MHz
T73.1875 KHz
2.287T1 KHz
T1.47 Hz
Amplitude: 2.0 volts * 1db (sine wave)
Record results on the data sheet.
3.8 Rellabllity Signal - Measure the reliability signal output
from the four channels.

(1) Test Setup - The test setup shall be as shown in
Figure 1. Reliability signals are available at the follow-
ing pins: CH.l, J2-p; CH.2, J2-PP; CH.3, J3-p; CH.k, J3-FP.

(2) Measurement - When the equipment is "locked-on", the

reliability signal shall be <= 0.5 volts. Record measure-

ments on data sheet.
..3-
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3.9 Monitored OQutputs - Determine that the signals required
for external monitoring are avallsble,
(1) Test Setup - The test setup shall be as shown in
Figure 1.
(2) Measurement - Measure the following output signals
with the dc digital voltmeter. Record results on the
data sheet.

(a) Range tone inputs (4 on each of 4 channels):
Amplitude ~ 0 to 5 vdc depending on input
signal amplitude.

(b) Reference signal input: 2 vdc

(c¢) DC power supply voltages:

+ T vde
+ 12.0 vde
- 6.0 vdc
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Test PP 7 ANCE Date S £B 20, /s
Eqpt. fOOELL 53 - Test Engr. AV LA 7L~
Serial No. / Witness W/ M, CL/REY
Para. Test Regmnt. Measured
3.1 Min. Range 0 gg; Q
CH.3 &
CH.L4
3.2 Range Rate 9000 meters/sec. -— -
3.3 Inhibit No updating OK
3.4 Transfer Transfers Signal OK
3.5 Range Output Logical "1" +5, F3 vee
Loglcal "O" + 0. OF V2
3.6 Command Logic Output Logical "1" 5. S v
Logical "O" O Oy
3.7 Reference Signals 2.342 MHz 23¢2007.3 /55
NPLT REF = 4684 Or1#.6 2.0 volts % 1db 2.0 V AP
+0 T73.1875 KHz 77 A
—0/ 8 2.0 volts + 1ab 2.0 v P-F
MEASLED op AP S24 0 2.28T1 KHz LBRB7- /42
2.0 volts * 1db 20 J/,g’f
T1.47 Hz 75
2.0 volts + 1db 2,04 oy
3.8 Reliability Signal ( Locked on = 5.5+0.5 vdc + G Rl v
Channel 1 (s Search = 0.5 vde 2.0 po
Channel 2 ( Locked on = 5.5%0.5 vdc
(S Search = 0.5 vdc
Channel 3 ( Locked on = 5.5t0.5 vdc S, # TV
(g Search = 0.5 vdc 2.0 poc
Channel 4 ( Locked on = 5.5t0.5 vdc -
(2 Search = 0.5 vdc —
Data Sheet

Sheet 1 of 2
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Para. Test Regmnt. Mesasured
3.9 Monitored Signals
Range Tone Inputs 0-5 vde
Channel 1A " Z.28 vocC
1B " 3./0 yoc
i . —Z:£5 voC
2.70 oG
2A ”n
@ "
20 "
m ”
3A " 3.35 yoc
3B " 2.83 voc
3C " 2.32vec
3D " 2. 30 VI
LA "
4B "
)+C "
kD "
Reference Signal Input 2 vdc Jé?.g? yoo
+ 7.0 vde 7+ 7. Oyoc
+ 12.0 vde /2.0 VO
- 6.0 vdc "gf-: ?//&C
SN S Cope/sES !
CTeocr w,q,eo & SIFCOOSI-RI S/
CAABNSE L
&z-fc’ o036 -G/ Y2
SETLC 003¢ -G2 W R
SFEC OOG/- G/ ST
ChasvEr 3B !
SMeRise g
Jafcaoc/ -G/ .r/fyvz
Data Sheet

Sheet 2 of 2
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Test _ACCEL 7ANCE
Eqpt. Azopet (5. 34
Serial No. _ 2

Date fFLEZ.28, /P&

Para. Test

3.1 Min. Range

3.2 Range Rate

3.3 Inhibit

3. Transfer

3.5 Range Output

3.6 Command Logic Output
3.7 Reference Signals
3.8 Reliability Signal

Channel 1

Channel 2

Channel 3

Channel k4

Test Engr. 2 . L A7 H KO~
Witness W A7 (CORRY
Regmnt. Measured
0 e
3 -
RS
9000 meters/sec. _— -
No updating oK
Transfers Signal oK
Logical "1" + S 25 voc
Logical "O" 7+ 0. /5 Vol
Logical "1" + 5. 35 2,02V0C
Logical "O" +Q.0/8 yoC
2.342 MHz 2322008 47
2.0 volts + 1db 2.2y ,7—6—//0
73.1875 KHz /57 EH
2.0 volts  1ldb 2,0 v 2-2
2,2871 KHz L RET7 K
2.0 volts + 1db 2.0 v PP
T1.47 Hz ZACKY, £
2.0 volts *+ 1db 2,0 v P
( Locked on = 5.5+0.5 vdc -
( Search = 0.5 vde —
( Locked on = 5.5t0.5 vdc AS5. 34/ yoc
E Search = 0.5 vdc * D 1P5E O
( Locked on = 5.5t0.5 vdc -
2 Search = 0.5 vdc -
( Locked on = 5.5+0.5 vdc #5347 voc
(é Search = 0.5 vdc +O.007 vy 08
Data Sheet

Sheet 1 of 2
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Para. Test Regmnt.

3.9 Monitored Signals
Range Tone Inputs 0-5 vde
Chennel 1A "

"
"
"

E&EE-YEELBAB R bEoE

Reference Signal Input 2 vdce
+ T.0 vde
+ 12.0 vde
- 6.0 vdc

SN L2 COrPRLSES !

CLock Bowmo & SEAEOOSIFI-G/ SA2

CANYEE 2D !
STPCO036 -G/ W3
SIEC0O36- G2 $N/
SSLCO06/) ~G) YN2

CHANNEL 4 !
SIEC OO~/ ENF
S294 0036 -G2 e
$3+Co00G/ -6/ Sus

Messured

+ 3,22 yoC
t 2.3 bOL
*+2, 33 yOC
*"2.878 voc

+ S R20 v

+J. ag s yoC

+ 628 yyc

12 6Z5 roc
+r 2.8 v

t . PA7 vior
* /2. 00 JLoc
—-—G. 0 VoC

Data Sheet
Sheet 2 of 2



